



ORIGINAL PAGE 13 

OF POOR QUALITY N86- 14105 

REPOKT.il U-AU6-1983 lSt21 


SUNAi. fROCCSStNC OP ANTHROPOHETUXC DATA 


Vkyn* J« Xt— »m» tw» 
Asveetat* Profaiser 
0*|>artaient of Cemputor Se tenet 
Et«t Ttxas Stitt University 
Cemaret, TtKts 


ABSTRACT 

Tt»« Anthropometric Mtasurtments Itboratory has aeemawlatad 
a largo body of data frem a number of previous experiments. The 
data Is very noisy, therefore It requires the application of 
s ome signal processing schemes. Horeover, It was not regarded 
as time series measurements but as positional Infornatlon; hence, 
the data Is stored as coordinate points as defined by the motion 
of the human body. 

The accumulated data defines two groups or classes. Some 
of the data was collected from an experiment designed to measure 
the flexibility of the limbs, referred to as radial aovenent. 

The remaining data was collected from experiments designed to 
determine the surface of the reach envelope. 

The purpose of this project Is to design and laplement an 
Interactive signal processing package. SIncai the data dees not 
Include time this package does not Include a tine series element. 
Presently the results is restricted to processing data obtained 
from those experiments designed to measure flexibility. 
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INTRODUCTION 

An accuratn analysis of huMn aotfon Is raqalraN If autetan- 
tial laprovoMnts In suit and control ^nal dasl^n aro to bm obtalnod* 
In cn It has boon Indicated that officiant ooll doslanod work- 
stations must taka Into consideration the Intaractiva rola of the 
human operator. Garg a^d Koh11« C2] , Indicate that coaiplas equip- 
ment produced during th^ second world war operating as high speed 
generally required unusual capabilities beyond the operator. They 
further Indicate that the design of equipment must take Into account 
human capacities and 1 1 limitations. This requires the acquisition^ 
processing, and interprstat Ion of large amounts of data. 

At NASA/JSC the acquisition Is accomplished by the use of a 
modified SCLSPOT system as Illustrated In Figure 1. The system 
consist of four cameras used to measure position, a monitor to view 
the experiment and data transfer, a pair of 6502 microprocessors 
for handling the data and controlling the hardware, aad a video tape 
recorder. This system can provide for the acquisition of three 
dimensional data with time and LED Identif lection numbers. Thus each 
point can be defined by the five-tuple: (x,y,z,t,1). The VRA (Video 
Recording Adapter) records not only visual Image but data. Positional 
data from, up to thirty, LEDs which emit IR radlatloe are measured and 
digitizad by the cameras. The qcquired data which Is rbored on the 
video tape Is then processed by the HP-21MX system. IlKon, 
provides a functional daacrtptlon of the aequialtion system. 

The proceasifig consist of sevsrsl programs designed to format 
and plot ths detmu This pmei^ect provided soee statistical processing 
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AtHfINl A paekag* doa tsnod to tranafor tho dat» fra* tim 
VCR to tho HP diak on tha HP-21MX ayiiia— 

ACltlCFL A paekav* to roarrango tho paekad btta ttarotv 
rocenatrueting th* actual data. 


AFRl'Ol A package to determine the frequency, range* MaAtM 
and mean of the data associated with each LEIt« 


ASELVC 


k package which computes th* coerdlnatea of 
LEO. 


ACALH A package which computes, cal Ibratton potato. 

« 

&XYZTP A package used to generate a tape containing tiMa 
XY2 coordinates for transferr In'- to tho VAX-78Jt. 

At present the time Is not tra .rred. 

PLAIO A package used to generate some graphic. d I splaysw 

Is Implemented on the VAX. An Interactive package^ 

PROJOtr A package used to aid In filtering the data maln-^- 
talned on the VAX. The package Is Interactive. 


The Interpretation segment will Involve two primary segmentsi 
formulation of mathematical models for various limbs and Iaip1*> 
mentation of these models for slmulotlon. There are iwmborous papers 
on the subject, see Ul, 151 and £61. Tho Initial stag* Is to acquire 
a data bank eP statistical Information related to human motion. 

This data bask must Include data related to the design of seats, 
control panels, control modules, and operational procedures. With 
such a databank a system can then be devised %di1eh will fsrmlt 
th* designer to use a grephics terminal for designing a particular 
Interface, then test th* design for general us* by allowing a bubble* 
man, Rofs.CYl and tt), to vrork through the various mperatinns. 

Such a proiact will require many new techniquest pattern recognltlonu 
art If leal tatalllgenee, computer graphics, data base asthedolegy, 
and th* Itba. At present work Is Just beginning and the prodeet 
consist prlt-isrlly of data acquisition. 
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A SIGNAL PROCESS STSTEN 

It hmw be«n IM1c«t«d that th«r« %rm two problom* On# rolatod 
to radial ■lovMant* tha othar ralatad to raach anvalopaa. /hta 
section considers only tha first. Since tha radial aovaavent Invol- 
ves a limb moving through a fixed (.attarn tha data will closely 
approximate a circle as seen In Figure 2* Hence this geometr lc.\l 
structure Is Iriplementecf In the system. 

In looking for existing technique some variations of a number 
of time series models were tried. See [91, £101# Clll# and C121. 

A design of one of these methods will be Included later# but the 
process presently consist of employing manual selection, moving averages, 
and some statistical methods for removing the noise* These techniques 
are designed to use the best fitting circle. 

In quick'ty reviewing the package, we note that the system begins 
by asking which file Is to be processed. The data Is read. Initially 
It contains the coordln.ites for all LEDs In a multiplexed form. If 
we select a single LEO the data Is demultiplexed and the correspond 1 ng 
data Is retained. Then we may select to display or not to display 
this data on the termlndi, a Digital VT125 or equivalent. This should 
be done since It provides us with the opportunity to judge which data 
Is valid and which Is noise. In addition, the plotting gives us a 
feeling for tne particular motion envolvad. Ve then estimate the center 
and radius of the best circle. Next, the system applies a moving average 
for the purpose of removing Isolated spikes. On completion of these 
aemothlng processes we ere asked If we wish to manually remove any data 
wewriew as noise. Agal^ we are queried with regard to plotting. Ve may 
eet^mata the parematers for tha best clrcla again, aftar which the system 
Aetermlnes the parameters for the best circle and prompts for replacing the 
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g«n«r«ted valii# or iMvIng thM as calculated. Once the persflieters 
are determined the circle Is used to remove any data not lying withing 
a specified band defined by the circle. The reearining data Is then 
used to generate the parameters of the best circle. The center of 
this best circle Is then used to partition the plane Into a number of 
wedges. The data lying within a wedge Is then used to define a new 
set of valueSf asaely the distance from the center of the best circle 
to the data point. These distances are then ordered# smallest to 
largest. Next# a set of differences, DISTC )-'0IST( are formed. 
This last set of values Is used to define a cluster mersure which 
Is the standard deviation of these difference. This cluster measure 
Is then used to cluster the set of distances. See figure 3* The mean 
and the standard deviation of each cluster Is then determined and 
retained. These averages and standard deviation are converted to 
plane coordinates using the angle which bisects the wedge. If there 
are too few data points the system assirmes that the wedge does not 
contain any data. Using the wedges a set of expected values for 
the angles Is determine along with the number of data points In 
the wedge, and the associated standard deviation. This Information 
Is made available for writing to a disk file. Clearly# small sample 
statistics must be employed. Finally# the user Is queried on 
whether he desire to write the results to the file or simply quit. 


FVTURE 

In closing a number of future directions should be pointed 
out. Some are related to the area of signal processing# others 
are related to the use of the computer as a designing tool In the 
area of human factors* These Include: 

* Implement a time series approach# I.e. # use an FFT. 

* hoJIfy the system to permit hardcopy of all graphics. 
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* Modify tho rood f 11o oubroutlm# to rood noif doto 
f11os containing tloo ond LEO nmbors. 

* Dovo1o(^ and Implonant an algor Itho for processing 
roach data and thereby determine a reach onvo1opo« 

* Increase the Intelligence of the systee by providing 
It with the ability to remove any data wbtcb Is not 
within reach. 

* lepl ement Ted KelVs subroutine to perelt imsollcited 
Input. 

* Begin the task of designing a data base for the over*- 
all priblem of computerized control panel design. 

* Try to develope a statistical theory for convex 
comblnit Ions of norrial d Istr 1 but Ions. 
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